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(54) Title: METHOD OF TREATING SEMICONDUCTOR WASTE WATERS 

(57) Abstract: A method of treating semiconductor wastewaters is provided. Specifically, the wastewater includes one or more 
organic contaminant materials and is pre-treated prior to filtering by the following steps. The pH of the wastewater is adjusted 
to a pH in the range of about 2 to 6, and a combination of iron salts and peroxide are added to the wastewater and allowed to 
react for a period of at least about three minutes. Next, the pH of the wastewater is adjusted upwards to a value of at least 7 and 
precipitating or flocculating agents are added to form an insoluble contaminant bearing compound. The compound is then filtered 
from the wastewater thereby removing the comtaminant materials from the wastewater. This invention is particularly suited for use 
with single pass flow-through filters, and most particularly suitable for high flow rate single pass flow-through filters. The method 
of the present invention results in minimization of filter clogging and maintenance of high filtration flow rates, with reduced need 
for cleaning cycles using lengthy treatment by acid, bases, or detergent mixtures. 
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METHOD OF TREATING SEMICONDUCTOR WASTE WATERS 

FIELD OF THE INVENTION 
The present invention relates generally to a method of treating wastewaters 
5 produced during the processing and/or fabrication of semiconductors. More specifically, 
the present invention relates to a method of treating semiconductor wastewaters by 
employing a combination of peroxide and iron salts to pre-treat the wastewater prior to 
removing contaminant materials by filtration. 

CROSS REFERENCE TO RELATED APPLICATIONS 
10 This application claims the benefit of U.S. provisional patent application Serial 

No. 60/216,591, filed July 7, 2000, the disclosure of which is hereby incorporated by 

reference. This application is related to U.S. patent applications serial numbers 

(Attorney Docket No. A-68834/AJT/MSS, entitled "Method of Treating Industrial Waste 

Waters"), and (Attorney Docket No. A-68635/AJT/MSS, entitled "System and 

15 Method for Removal of Arsenic from Aqueous Solutions"), both of which are filed 
simultaneously herewith, and the disclosures of each are hereby incorporated by reference 
in their entirety. 

BACKGROUND OF THE INVENTION 
The treatment of wastewaters is a complex field. The complexities are due in part 
20 because the concentration and identity of the contaminant materials to be treated are 
constantly changing. Additionally, the flow rate, pH, oxidation potential, concentration 
of solids and temperature of the wastewater, among other factors, are also variable. 
Further, many wastewaters contain organic matter, including colloids, dissolved ionic 
matter, dissolved non-ionic matter, surfactants, and suspended solids. Such contaminant 
25 materials are present in combination with similar types of inorganic materials. 
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Semiconductor wastewaters produced during the processing and/or fabrication of 
semiconductors have proven difficult to treat due to the many different types of 
contaminants present in the wastewater. Despite these facts, filtration is a key part of 
most wastewater treatment plans. Many dissolved materials can be most easily removed 
5 if they are converted to an insoluble solid. Pre-existing solids removal is also usually 
necessary. 

Filtration systems using many different types of filters have found wide use for 
the treatment of wastewaters. A common problem with such systems is the frequent 
need to clean or replace the filters due to fouling and clogging. Frequent filter cleaning 

10 is inefficient and wastes large amounts of chemicals. Frequent filter cleaning also 
requires the use of larger filtration apparatus to compensate for the downtime during 
cleaning. Frequent filter replacement is likewise wasteful of resources. 

Many techniques have been employed by prior systems to address this problem. 
Sand filtration, using a graded series of layers of particles of different sizes and densities, 

15 is one example of a technique used to minimize backflushing and regeneration, while 
maintaining high filtration rates without the use of chemicals. However, sand filtration 
is most suited for potable and sanitary water facilities. Facilities which desire to recover 
or reuse treated water need a better method. 

Cross-flow filtration methods are commonly used to reduce filter fouling. 

20 However, this type of filtration involves high pressures and high velocity flow rates. 
Only a fraction of the water is filtered at each pass across the filter membranes, so the 
process is energy inefficient. 

Traditional bag filters clog easily and give reduced filtration flow rates after short 
periods of use. They are also difficult to effectively clean. Chemical treatments are often 

25 used to decrease filter loadings by precipitating the bulk of materials using organic or 
inorganic precipitating and flocculating materials. The solids are then largely allowed to 
settle and are removed by decantation or other means. The remaining liquid often 
contains many fine and/or colloidal particles, and must be subsequently filtered. 

An improved method and system for providing high flow rate, single pass, flow- 

30 through filtration, has been developed as described in US Patent Nos. 5,871,648, 
5,904,853 and 5,900,220; the disclosures of which are hereby incorporated by reference 
in their entirety. These systems use a combination of organic and inorganic flocculating 
and precipitating agents to form large, non-sticky particles in the treated wastewater. The 
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large particles form a loose, non-adherent layer on the surface of a filter element, which 
allow high flow rates through the particles. Cleaning is relatively simple by using a short 
period of water backflush. While these systems have provided an advance in the art, it 
is desirable to further improve the filtration process, and to provide a method that is suited 
5 for removing the many types of contaminant materials found in semiconductor 
wastewaters. 

SUMMARY OF THE INVENTION 
Accordingly, it is an object of the present invention to provide an improved 
method of treating semiconductor wastewaters. In particular, the inventors have 

1 0 unexpectedly found that a significant improvement in the prior art process can be effected 
by pre-treating a wastewater with a combination of an iron salts and peroxide, prior to 
forming particles which are then filtered. This inventive method provides a more 
effective treatment of the wastewater, and of significant advantage the method is suitable 
for a wide variety of contaminant materials. . Further, the method of the present invention 

1 5 decreases the cleaning frequency of the filtration systems, maintains high filtration flow 
rates, and is simple to implement. 

In general, the present invention provides a method for treating semiconductor 
wastewaters including one or more contaminant materials, characterized in that the 
semiconductor wastewaters to be filtered are pre- treated with a combination of iron salts 

20 and peroxide at a pH in the range of about 2 to 6 prior to filtration. 

In another aspect, the present invention provides a method of treating 
semiconductor wastewaters, comprising the steps of: providing a wastewater containing 
one or more contaminant materials. Iron salts and peroxide are added to the wastewater. 
The pH of the wastewater is adjusted to a pH in the range of about 2 to 6, and the 

25 resultant reaction is allowed to occur for at least about ten minutes. After the specified 
period of time has elapsed, precipitating and/or flocculating agents are added to the 
wastewater. The pH is now adjusted to a pH of 7 or greater, and contaminant bearing 
particles (also referred to a floe or precipitate) are formed. The wastewater is then filtered 
to remove the contaminant bearing particles. The wastewater may be filtered by any 

30 number of prior art systems, and the present invention is particularly suited for practice 
with single pass flow-through filters, and most particularly suitable for high flow rate 
single pass flow-through filters. The pretreatment step according to the present invention 
prior to filtration minimizes clogging and the frequency between cleaning cycles, while 



WO 02/004360 PCT/USO 1/4 1285 

4 

maintaining high filtration flow rates. 

It has been found that by employing the pre-treatment step of the present 
invention, the precipitate that is subsequently formed is more easily filtered, which 
reduces or minimizes the fouling of the filter membrane. Thus, another aspect of the 
5 invention is a method for minimizing the fouling of filters in a wastewater filtration 
system which receives wastewater containing contaminant materials, characterized in that 
wastewater is pre-treated with a combination of iron salts and peroxide prior to filtering 
said contaminant materials from the wastewater. 

BRIEF DESCRIPTION OF THE DRAWINGS 
1 0 These and other obj ects and advantages of the present invention will become more 

fully apparent upon reading the detailed description of the invention and the appended 
claims provided below, and upon reference to the drawings, in which: 

Fig. 1 is a block diagram of one example of a treatment system which may be 
employed with the method of the present invention. 
1 5 Fig. 2 is a graph illustrating pH and filter pressure over time for certain of the 

experiments conducted according to various embodiments of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
The inventors have discovered a new method for treating semiconductor 
wastewaters which has been found to unexpectedly improve the filterability of 
20 contaminants, reduce the clogging of filters, increase the percentage of time a filter can 
be in operation before requiring cleaning or replacement, and increase the average flow 
rate of the filtered wastewater through the filter. 

In general, the present invention provides a method of treating semiconductor 
wastewaters that include one or more contaminant materials by pre- treating the 
25 wastewaters with a combination of iron salts and peroxide at a pH in the range of about 
2 to 6, prior to filtration of the wastewater. After pre-treatment, the wastewater is treated 
with suitable precipitating or flocculating agents to form contaminant bearing particles. 
The particles are then filtered using any suitable filtration system, thereby removing the 
contaminant materials from the wastewater. The combination of iron salts and peroxide 
30 at the recited pH range is known as the Fenton oxidation reaction (also referred to as 
Fenton' s Reagent). The classical Fenton reaction is used to degrade toxic organic 
materials to carbon dioxide, or at least to remove the toxicity by partial oxidation. This 
requires specific ratios of iron to peroxide, and large amounts of peroxide, for best results. 
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The Fenton reaction is known to work by production of free radical hydroxide (•OH) and 
(•OOH) by decomposition of hydrogen peroxide in the pH range of about 2 to 6, in the 
presence of ferric or ferrous ions or other transition metal catalysts. Under other 
conditions, the hydroxyl or perhydroxyl radicals are not produced, and the hydrogen 
5 peroxide decomposes to oxygen and water. 

The inventors believe that the specific reactions between the wastewater, iron salts 
and peroxide with the method of the present invention, differ from that of the classical 
Fentoa reaction. Without wishing to be bound by any particular theory, the inventors 
believe that the novel reaction according to the method of the present invention appears 

10 to work by coagulation of colloidal inorganic and organic or polymeric organic 
contaminants materials, perhaps by a combination of oxidation and surface charge 
neutralization. Whatever the mechanism, there is a clear difference in filterability when 
the pH of the wastewater is in the selected range as compare to the filterability when the 
pH of the wastewater is allowed to rise to above the limit of the classical Fenton reaction. 

15 More specifically, the present invention provides a method of treating 

semiconductor wastewaters, comprising the steps of: providing a wastewater containing 
one or more contaminant materials. Iron salts and peroxide are added to the wastewater. 
The pH of the wastewater is first adjusted to a pH in the range of about 2 to 6, preferably 
in the range of about 3 to 5, and the resultant reaction is allowed to reactor for at least 

20 about three minutes, and preferably in the range of about 1 0 minutes to 3 hours, and most 
preferably for about 10 to 30 minutes. After the specified period of time has elapsed, 
precipitating and/or flocculating agents are added to the wastewater. The pH is now 
adjusted to a pH of 7 or greater, preferably to a pH in the range of about 7 or 9, and 
contaminant bearing particles (also referred to a floe or precipitate) are formed. The 

25 wastewater is then filtered to remove the contaminant bearing particles. During filtration 
the pH may be maintained in the range of about 6 to 8. The wastewater may be filtered 
by any number of prior art systems, and the present invention is particularly suited for 
practice with single pass flow-through filters, and most particularly suitable for high flow 
rate single pass flow-through filters, such as that described in the '648 patent. The pre- 

30 treatment step according to the present invention, prior to filtration produces particles 
that are more easily filtered and minimizes the clogging and frequency of cleaning cycles, 
while maintaining high filtration flow rates. 

Of significant advantage, the method of the present invention may be employed 
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to treat a wide variety of contaminant materials, which axe present in a wide range of 
concentrations. For example, a typical semiconductor wastewater stream to be treated 
by the method of the present invention may include, but is not limed to, the following 
contaminant materials: silica, tungsten, alumina, copper, photoresist stripper, copper 
5 cleaners, ammonia, organic long chain dispersing agents, organic long chain surfactants, 
fluorides, amines, chelating agents, and other inorganic and organic contaminant 
materials. In another example the wastewater stream may include, but is not limed to, 
the following contaminant materials: N0 3 % S0 4 2 ", CI", P, NH 4 , Cu, Fe, Si0 2 , W, organic 
chelates, detergents, dispersants, amines, solvents, and photoresists. The composition and 

10 concentration of such contaminant materials will vary depending on the type of 
semiconductor processing employed, and in general the concentration of such materials 
will be in the range of about less than 1 to greater than 1000 ppm per contaminant 
material. In one exemplary embodiment, the method of the present invention is employed 
with semiconductor wastewaters produced from a chemical mechanical polishing (CMP) 

15 process. The CMP process might typically produce wastewaters containing silica, 
alumina, tungsten, copper, photoresist stripper, and copper complexing agents. In one 
example, concentrations may generally vary from 2 to 100 ppm for organics, 2 to 10 ppm 
for copper, and 25 to 500 ppm for silica and alumina; however, it is to be understood that 
the concentration of contaminants in the wastewater may vary widely, and that the 

20 invention is not limited to any set of concentration ranges. 

The inventors have discovered that pre-treatment of the wastewater using the 
combination of peroxide and iron salts in the recited pH range, increases the efficiently 
of removing the contaminant materials from the wastewater. Specifically, the pre- 
treatment provides a more easily filtered precipitate. Without wishing to be bound by any 

25 particular theory, the inventors believe that the pre-treatment causes coagulation of low 
molecular weight colloids and high molecular weight polymers to produce a more easily 
filtered precipitate. Precipitates that are difficult to filter cause fouling of the filters and 
rapid pressure decreases in the filtration system during filtration, among other problems. 
The fouled or clogged filters require aggressive cleaning cycles using acidic, based, or 

30 detergent based materials, among other techniques. The increase in filterability resulting 
from the present invention is indicated by a decrease in the fouling of the filters and an 
increased time between cleaning cycles. The increase in filterability according to the 
present invention is also shown by , maintaining the pressure at or below a desired value 
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during filtration, as described further below. 

In the pre-treatment step using peroxide and iron salts, the peroxide may be 
comprised of hydrogen peroxide and other inorganic peroxide, or organic peroxides. 
When organic peroxides are employed, they are preferably selected from the group of: 
5 peroxyacetic acid, sodium peracetate, and tert-butyl peroxide. When inorganic peroxides 
are used they are preferably selected from the group of: sodium perborate, hydrogen 
peroxide, sodium perphosphate, sodium peroxydisulfate, sodium monopersulfate, and 
sodium percarbonate. Preferably, the peroxide used is hydrogen peroxide. 

Iron salts suitable for use with the present invention are ferric salts, ferrous salts, 

10 or a combination thereof, such as chlorides, sulfates or nitrates. Preferable ferric salts 
include those selected from the group of: ferric nitrate, ferric chloride, ferric acetate, ferric 
lactate, ferric ammonium sulfate, ferric ammonium chloride, ferric citrate, ferric 
hydroxide, ferric edta and ferric oxide. Preferable ferrous salts include those selected 
from the group of: ferrous chloride, ferrous acetate, ferrous lactate, ferrous ammonium 

1 5 sulfate, ferrous ammonium chloride, ferrous citrate, ferrous hydroxide, ferrous edta and 
ferrous oxide. 

When adding the peroxide and iron salts to the wastewater, any grade or 
concentration of peroxide may be used. The iron salts may be in solid or solution form. 
Preferably, the concentration ratio of peroxide to iron salts in the wastewater is in the 

20 general range of about one part iron to 5 to 25 parts peroxide by weight. For most 
effective coagulation and pretreatment of the wastewater, a minimum of about 50 ppm 
hydrogen peroxide and about 20 ppm of iron is desired. 

After the wastewater is pre-treated with the combination of peroxide and iron 
salts, precipitating or flocculating agents, or a combination of both, are added to form the 

25 insoluble particles or compounds (also referred to as a floe). Suitable flocculating agents 
include inorganic and/or organic flocculants, either anionic or cationic. Specific 
examples of inorganic agents include, but are not limited to sodium aluminate, aluminum 
chloride, aluminum sulfate, polyaluminum chloride, polyaluminum sulfate, iron salts, and 
aluminum or iron alums. Any conventional anionic polymer useful for wastewater 

30 treatment can be used in combination with the inorganic agent, although the exact 
polymer may vary with the inorganic agent selected. Additionally, a reducing agent, such 
as sodium bisulfite or other known reducing agents, may be added to the wastewater prior 
to the addition of the precipitating agents to neutralize any remaining peroxide. 
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The method of the present invention may be carried out with any suitable water 
treatment filtration system and is not limited by any particular apparatus or system. To 
realize the full advantage of the present invention it is preferred to carry out the method 
in a high flow rate, single pass, flow-through filtration system, such as that described in 
5 the '648 patent. Of course, other system may be used such as, but not limited to, bag 
filters, cartridge filters, paper filter, indexing filters, filter presses, sand filters and the like. 

One example of a suitable water treatment system for carrying out the present 
invention is illustrated in Fig. 1. Fig. 1 shows a semiconductor treatment system, 
generally comprised of a pretreatment system 10 and a filtration system 12. Preferably 

10 the filtration system is ofthe type described in U.S. PatentNos. 5,871,648 and5,904,853, 
the entire disclosures of which are hereby incorporated by reference. 

The pretreatment system 1 0 is generally comprised of one or more reaction tanks, 
associated mixers and delivery lines. The semiconductor wastewater containing 
contaminant materials flows into a reaction tank 14. The pH of the wastewater in the 

15 reaction tank 14 is first adjusted to a pH in the range of about 2 to 6, preferably in the 
range of about 3 to 5. In an exemplary embodiment, peroxide and iron salts are added to 
the reaction tank 14 via chemical delivery line 15, at a concentration range of about 20 
to 200 ppm iron salts and 1 0 to 300 ppm hydrogen peroxide, with a concentration of about 
20 to 50 ppm iron salts and 50 to 1 00 ppm hydrogen peroxide being most preferred. The 

20 wastewater in the reaction tank 14 is stirred to mix the chemicals for a period of time to 
allow for the reaction to occur. The time will vary depending on the size ofthe reaction 
tanks and the initial concentration ofthe contaminant materials, and will generally be at 
least about three minutes, preferably for a period of time in the range of about 1 0 minutes 
to 3 hours, with a range of 10 to 30 minutes being most preferred. 

25 Once the reaction is complete, the wastewater is fed to a second tank 16 via 

delivery line 1 7. Precipitating and/or flocculating agents are added to the second tank 1 6. 
Alternatively, the precipitating and/or flocculating agents may be added via an in-line 
mixer (not shown) placed in the delivery line 17. In one exemplary embodiment, a 
combination of a 30% sodium aluminate solution is added at a flow rate of about 1 ml/gal 

30 and an cationic flocculating agent is added at a concentration of about 1 0 ppm is added. 
Preferably, while adding the precipitating and/or flocculating agents, the pH of the 
wastewater in the second tank 16 is adjusted upwards to a pH of at least about 7, and 
preferably to a pH in the range of about 7 to 9. The size of the second tank 16 should be 
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such that the residence time of the wastewater solution is about at least three minutes. At 
this pH range, contaminant bearing insoluble particles or compounds are formed in the 
wastewater. In another embodiment, a reducing agent, such as sodium bisulfite, may be 
added to remove any remaining hydrogen peroxide in the wastewater. In yet another 
5 embodiment, a polymer or other coagulant agent may be optionally added to the second 
tank 16 to aid formation of the insoluble compound. 

Once formed, the contaminant bearing particles are fed by pump or gravity into 
the filtration system 12. Any suitable filtration system may be used. Fig. 1 illustrates 
only one exemplary embodiment of a suitable filtration system. The filtration system 12 

10 in Fig. 1 is comprised generally of a membrane filtration system such as a microfiltration 
system described in greater detail in US Patent Nos. 5,871,648 and 5,904,853, the entire 
disclosures of which is hereby incorporated by reference. In this example, the filtration 
system generally includes one or more filter or microfiltration tanks 20 and a settling or 
sludge holding tank 22. A backflush tank 24 may be used, and is preferably placed prior 

15 to the filter tanks 20. The filter tank 20 is operated in two modes; namely, a filter tank 

i 
i 

operating mode and the filter tank backflush mode. The filter tank 20 generally includes 
a filtration membrane in a tubular "sock" configuration. The membrane sock is placed 
over a slotted tube to prevent the sock from collapsing during use. The membrane 
material is commercially available from a variety of sources, and preferably has a pore 

20 size in the range of 0.5 to 1 microns, with a pore size of 1 micron being most preferred. 

During the operation mode, the contaminant bearing particles are dewatered and 
filtered from the wastewater. The wastewater is pumped from the filter tank through the 
membrane, and as the wastewater passes through the membrane, the particles do not pass 
through, and instead build up on the outside of the membrane surface. The "clean" 

25 wastewater overflows out of the top of the filter tank for discharge or recycling. The 
clean wastewater is substantially free of the contaminant solids or particles and will 
generally contain a concentration of less than 10 ppm total suspended solids. 

More specifically, the filter tank is preferably equipped with an array of 
microfiltration membranes 30. Preferably, the microfiltration membranes are comprised 

30 of a tubular "sock" configuration to maximize surface area. The membrane sock is placed 
over a slotted support tube to prevent the sock from collapsing during use. In order to 
achieve high flow rates and flux values, a number of membranes or membrane modules, 
each containing a number of individual filter socks, may be used. The microfiltration 
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membranes preferably have a pore size in the range from 0.5 [am to 1 0 (am microns, and 
preferably from 0.5 [am to 1 .0 jam. It has been found that the treated wastewater flow rate 
through 0.5 to 1 [am microfiltration membranes can be in the range from 200 GFD to 
1500 GFD. 

5 The microfiltration membranes are preferably provided in cassette or module or 

in a preformed plate containing the membrane array. In either case, the membranes are 
conveniently installed or removed from the top by unscrewing a collar fitting. 
Alternatively, the entire cassette or pla;e may be removed for servicing. The 
microfiltration membranes provide a positive particle separation in a high recovery dead 

1 0 head filtration array. The dead head filtration operates effectively at low pressures (3 psi 
to 25 psi, preferably 5 psi to 10 psi) and high flow rates, allowing a one pass treatment 
with up to 99.9% discharge of the supplied water. Solids which accumulate on the 
membrane surface during filtration are periodically backflushed away (and gravity settled) 
from the membrane surface to ensure a continuously clean filtration media. Currently, 

1 5 the preferred filter socks useful with the present invention contain a Teflon® coating on 
a poly(propylene) or poly(ethylene) felt backing material. Such socks are available from 
W.L. Gore. Another presently preferred filter sock manufactured by National Filter 
Media, Salt Lake City, Utah, consists of a polypropylene woven membrane bonded to a 
poly(propylene) or poly(ethylene) felt backing. Because the membranes are simple and 

20 inexpensive, some operations deem it more cost-effective to replace the membrane socks 
instead of cleaning contaminants from the membrane. However, it should be noted that 
the membranes are very resistant to chemical attack from acids, alkalis, reducing agents, 
and some oxidizing agents. Descaling of the membranes is achieved by acid washing, 
while removal of biofouling may be accomplished by treatment with hydrogen peroxide, 

25 dilute bleach, or other suitable agents. 

To remove the contaminant bearing particles from the membrane surface and the 
filter tank, the filter tank is placed in backflush mode. The membranes are periodically 
backflushed to keep the flow rate high through the system. Solids are preferably removed 
from the membrane surface by periodically backflushing the microfiltration membranes 

30 and draining the filtration tank within which the membranes are located. Preferably, the 
backflush is initiated when the pressure at the membrane builds to approximately 6 psi. 
The periodic, short duration back flush removes any buildup of contaminants from the 
walls of the microfiltration membrane socks. Backflush is achieved but is not restricted 
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to a gravity scheme, i.e., one in which a valve is opened and the 1 to 2 feet of water 
headspace above the filter array provides the force that sloughs off the filter cake. The 
dislodged solid material within the filtration tank is then transferred into the sludge 
holding tank 22 for further processing of the solids. The microfiltration as described is 
5 fully automated and can run 24 hours, seven days a week, with minimal input from the 
operator. The system may be completely automated using process logic control (PLC) 
which can communicate with supervisory and control data acquisition systems (SCAD A). 
Simple and rugged hardware continuously monitors the characteristics of the influent and 
effluents and adjusts the chemical feed as needed. Examples of parameters automatically 

10 monitored include pH, turbidity, oxidation reduction potential, particle zeta potential, and 
metal contaminant concentration. Process development and fine-tuning is achieved by 
continuous monitoring of the process parameters followed by control adjustment. In the 
backflush mode, the flow of the system is reversed where water from the headspace above 
the filter array flows in reverse. This is achieved by opening a valve on the filter tank. 

1 5 The particles or sludge settles on the bottom of the filter tank, and then are pumped or 
gravity feed to the sludge holding tank 22 and removed. A filter press 32 may be used 
to provide further dewatering of the particles, if desired. It is important to note that while 
one type of treatment system has been described, the method of the present invention may 
be carried out in a wide number of different types of treatment systems, such as for 

20 example gravity settling and cross-flow filtration systems. 

The method of the present invention is also suitable for use with other types of 
standard filtration systems, such as cross-flow filtration units, microfiltration units, and 
ultrafiltration units. It is useful as a pretreatment method, followed by appropriate 
filtration, to minimize fouling and maximize efficiency of reverse osmosis (RO) and ion 

25 exchange (IX) systems after filtration. RO and IX systems are susceptible to fouling by 
organic materials, especially colloids and high molecular weight materials. This novel 
process easily and effectively removes such materials. While the focus of the examples 
are directed to semiconductor wastewaters, the process is equally applicable to any 
industrial wastewater which contains organic materials such as electroplating 

30 wastewaters, printed circuits wastewaters, electroless nickel wastewaters, grinding and 
machining wastewaters, and the like, as further described in US patent application serial 

no. (Attorney Docket No. A-68834/AJT/MSS) filed simultaneously herewith 

and incorporated by reference. 
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EXPERIMENTAL 

The following experiments are offered for illustrative purposes only, and are not 
intended to limit the scope of the present invention in any way. The wastewater treated 
in the following examples was a mixed semiconductor processing waste solution. This 
5 wastewater is difficult to satisfactorily filter due to the many different contaminant 
materials of both organic and inorganic nature, which can cause fouling and rapid 
pressure decrease during filtration. The wastewater contained silica, tungsten, copper, 
photoresist stiipper, copper cleaners, ammonia, organic long chain dispersing agents, 
organic long chain surfactant, fluorides, amines, chelating agents, and other inorganic and 
1 0 organic materials . 

The filtration apparatus used for each of the following examples was a single pass 
closed end filter unit, operating at low differential pressure of less than 1 5 psi, with a high 
flux rate of greater than 100 gal/ft 2 /day of filter area. 
Example 1 

1 5 The method of the present invention was carried out by adding iron and peroxide 

to the wastewater and adjusting the pH of the wastewater to a range of 2 to 5 in a first 
tank. The flow rate of the wastewater was set at 3.5 gpm through 23 filters with 63.5 
square feet of surface area. The wastewater was fed to a second tank where precipitating 
and flocculating agents were added and the pH of the wastewater was adjusted upwards 

20 to at least 7. Contaminant bearing particles were formed. The wastewater with the 
particles was then fed to the filtration system to remove the particles. A filtration system 
as described above and shown in Fig. 1 was employed. Cleaning of the filters by means 
of backflushing was set for every 1000 seconds. A secondary set point was used to 
automatically initiate cleaning when the differential filter pressure(i.e. the pressure across 

25 the filter) reached 6.2psi. It was found that the filter process was very regular and 
reproducible, over a wide range of hydrogen peroxide concentrations of less than 50 ppm 
hydrogen peroxide to greater than 300 ppm. The differential filter pressure was 
maintained at 4-6 psi maximum during each 1 000 second filtration period, well below the 
selected set point of 6.2 psi. 

30 Example 2 

A control example was conducted to compare the filtration process of the present 
invention to a process with the absence of the pre-treatment step. The process was carried 
out as in Example 1 , except that the initial pH of the wastewater was adjusted to a pH in 
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the range of 7 to 10 in the first tank, which is outside the pH of the invention, and beyond 
the pH range in which the Fenton reaction occurs. After the initial pH adjustment step, 
the pH was secondarily adjusted as in Example 1 and flocculants were added prior to 
filtration. Once this non-treated wastewater (i.e. no treatment with iron salts and 
5 peroxide) reached the filter unit, the differential pressure rapidly rose to the 7.2 psi 
secondary set point in less than the 1000 seconds of the primary set point, which is an 
indication of rapid fouling of the filters. The filters were cleaned by automatic backflush, 
which was initiated each time the set point pressure of 6.2 psi was exceeded. At no point 
during the course of experiment outlined in Example 1 did the differential filter pressure 
10 ever exceed the set point, so automatic backflush cleaning was only initiated on a time 
basis. In great contrast, in Example 2 the automatic backflush was initiated numerous 
times. 
Example 3 

The process of Example 1 was followed, with pre-treating the wastewater with 
15 iron, peroxide, and pH control in the range of 2 to 5. The wastewater was transferred to 
a second process tank after the pre-treatment step, and a reducing agent was added in 
order to neutralize the excess hydrogen peroxide. Specifically, an oxidation/reduction 
probe (ORP) was used to maintain the contents of the second tank at a reducing ORP, by 
adding sodium bisulfite as needed for neutralization of hydrogen peroxide. The pH was 
20 then readjusted upwards to at least 7, and then flocculants were added and the wastewater 
was filtered. The filtration process ran smoothly, with the differential filter pressure 
staying between 4-6 psi with a 1000 second backflush cleaning cycle. 
Example 4 

The process of Example 1 was followed, again with pre-treating the wastewater 
25 with iron, peroxide, and pH control in the range of 2 to 5, but in this example a 40% 
calcium chloride solution for fluoride removal was added prior to the addition of the iron 
and peroxide. The calcium chloride solution was added to the wastewater by means of 
an in-line mixer. Fluoride removal was followed by chemical analyses of the filtered 
water and raw wastewater, and by fluoride sensitive electrodes in the raw and in the 
3 0 filtered wastewater. The initial fluoride concentrations in the untreated wastewater ranged 
from less than 1 0 ppm to greater than 200 ppm. The filtered water contained less than 20 
ppm of fluoride even at maximum input of fluoride. The filtration process ran smoothly, 
with the differential filter pressure staying between 4-6 psi with a 1 000 second backflush 
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cleaning cycle. The calcium chloride added did not interfere with the Fenton reaction. 
Example 5 

The process of Example 3 was followed, with pretreating with iron, peroxide, and 
pH control in the range of 2 to 5 . After filtration, the filtered wastewater at a pH of 9 was 
5 re-adjusted to a pH of 5. The wastewater was then processed through an Ionics double 
pass reverse osmosis unit for a period of greater than one week, with about 75% water 
recovery. No fouling of the RO membrane by either organic or inorganic material was 
found. The flow rates and efficiency of the RO system were maintained during the entire 
test period. 
10 Example 6 

The process of Example 1 was followed, adding iron and peroxide to the 
wastewater and maintaining pH control in the range of 2 to 5. After filtration, the filtered 
wastewater at a pH of 9 was processed sequentially through a cation exchange column, 
then an anion exchange column in orderto remove all ionic dissolved solids. No fouling 

15 of the ion exchange system by either organic or inorganic material was found. The flow 
rates and efficiency of the ion exchange system were maintained during the entire test 
period, until chemical exhaustion of the resins. 

The following additional experiments (Examples 7 to 10) were conducted and a 
plot of the pH and filter pressure over time for the following experiments are shown in 

20 Fig. 2. The filtration apparatus used for each of the following examples was a single pass 
closed end filter unit, operating at low differential pressure of less than 1 5 psi, with a high 
flux rate of greater than 1 00 gal/day/ft 2 of filter area. 
Example 7 

The wastewater is a mixture of silica chemical mechanical polishing wastewater 
25 (CMP) and iron CMP, plus cleaners, acids, and other compounds. The wastewater had 
a complex mixture of about 3300 ppm silica, 500 ppm nitrate, 600 ppm ammonia, 2.5 
ppm copper, 150 ppm iron, TMAH 35 ppm, detergent 20 ppm, dispersing agent 4 ppm, 
organic antitarnish agent 1 5 ppm, and organic amine 1 00 ppm. To this was added 90 ppm 
of hydrogen peroxide in a first tank (called tank 1 as shown on Fig. 2). The initial pH was 
30 adjusted as is shown in Fig. 2, a graph of pH and filter pressure over time. 

The pH of tank 1 is illustrated on Fig. 2, and this is where the incoming 
wastewater was collected. The pH is adjusted in tank 1 , and hydrogen peroxide is added. 
The high/low values of pH are due to the semi-batch nature of the waste treatment system. 
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The tank 1 was filled to the upper fill mark, and the pH of the highly incoming 
wastewater was adjusted. The tank fills faster than the pH is adjusted, so during the fill 
cycle the pH of tank 1 is seen to rise. Once the tank is full, the pH adjustment is finished. 
The solution is now pumped out of tank 1 until the low level setting is reached. The 
5 Fenton reaction can occur during the period when the pH is adjusted. The higher pH 
period may or may not be significant, as the whole solution is adjusted to the pH set point 
and then reacts. The set point was initially pH 5-6, as is seen in the first part of the Fig. 
2. The filter pressure is measured by the maximum pressure attained by its line. A lower 
filter pressure is desirable as it indicates free flow through the precipitated solids. A high 

10 flow indicates that the solids are sticky or not fully treated. Organic materials will 
interfere with the coagulation process in the tank, and cause a higher filter pressure. 

The wastes are further treated after completion of the Fenton reaction. The pH 
adjusted and Fenton-treated wastewater is pumped from tank 1 to a second tank where 
sodium bisulfite is added in sufficient quantity to destroy the remaining hydrogen 

1 5 peroxide. 

The wastes are then allowed to overflow to another tank , where EnChem 0696 
(an inorganic coagulant), 0. 1 7 ml per liter, and EnChem 9025 (an organic polyelectrolyte 
flocculant), 0.02 ml per liter, are added. The pH is also adjusted to pH 7-8 at this time. 
These additives agglomerate all solids into particles, and convert them into large, hard, 
20 non-sticky particles. This makes them suitable for treatment in a low pressure filtration 
process. 

Some types of organic materials, and large quantities of organic materials, will 
interfere with the formation of the large, hard, non-sticky particles and thus cause an 
increase in filter pressure. 

25 The treated wastes overflow to a collection or surge tank. The wastes are pumped 

from the surge tank through a low pressure filtration system using the EnChem membrane 
technology. The filter pressure in this system is illustrated in Fig. 2 as the tank 4 line. 
Thus the filter pressure was 6-7 psi maximum during the first four hours of the test, from 
09:00 to about 13:00. This is an excellent low filter pressure, showing low energy 

30 consumption and low fouling of the membranes. The Fenton reaction was effective at the 
pH 5-6 set point, with approximately 30 minutes residence time. A longer time at this pH 
would give even more Fenton reaction destruction of the organic components of the 
wastewater. 
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Example 8 

The wastewater continued to be treated and filtered. There was no change to the 
wastewater composition, wastewater treatment chemicals, amount of peroxide, amount 
of bisulfite, holding time, or other variable, except for the pH adjustment in tank 1 . At 
5 approximately 13:00 the system controls were adjusted to maintain approximately pH 3 
in tank 14. Fig. 2 shows that the low pH, after filling the tank I, was about pH 3 until 
approximately 01:00 on the next (second) day. 

During this period the treated wastewater showed destruction and/or modification 
of the organic components of the wastewater. The filter pressure rapidly dropped to about 
10 4 psi to 5 psi. This is a very significant improvement, showing that less energy is needed 
to filter a Fenton reaction treated waste. The lower pH gave significantly more organic 
destruction and/or modification than the higher pH as shown in Example 7. 
Example 9 

The wastewater testing continued. At approximately 02:00 on the second day, pH 
15 adjustment to tank 1 was discontinued. The pH rose to the pH of the incoming 
wastewater, pH 8-9. The filter pressure rose during this period back up to about 7 psi. 
This showed that the Fenton reaction was no longer occurring to any significant extent 
due to the high pH, which is outside of the range which allows the Fenton reaction to 
occur. The filter pressure increased as the solids which were not treated by the Fenton 
20 reaction, mixed with the treated solids. 
Example 10 

The wastewater testing continued. At approximately 07:00 on the second day, pH 
adjust to tank 1 was reinstated. The pH was adjusted to about pH 3-4. The filter pressure 
began to drop again, as the Fenton reaction treated solids mixed in with the non-Fenton 
25 reaction treated solids. The filter pressure had dropped to 6 psi by the conclusion of the 
test. 

As taught by the foregoing description and examples, an improved method for 
treating semiconductor wastewaters has been provided by the present invention. The 
foregoing description of specific embodiments and examples of the invention have been 
30 presented for the purpose of illustration and description, and although the invention has 
been illustrated by certain of the preceding examples, it is not to be construed as being 
limited thereby. The examples are not intended to be exhaustive or to limit the invention 
to the precise forms disclosed, and obviously many modifications, embodiments, and 
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variations are possible in light of the above teaching. It is intended that the scope of the 
invention encompass the generic area as herein disclosed, and by the claims appended 
hereto and their equivalents. 
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We Claim: 

1 . A method for treating semiconductor wastewater which includes organic 
5 contaminant materials, characterized in that the semiconductor wastewater is to be filtered 

and is pre- treated with a combination of iron salts and peroxide at a pH in the range of 
about 2 to 6 prior to coagulation and filtration. 

2. The method of claim 1 wherein the pH of the semiconductor wastewater 
10 is maintained in the range of about 3 to 5 during said pre-treatment with the combination 

of iron salts and peroxide. 

3. The method of claim 1 wherein the pH of the semiconductor wastewater 
is maintained at a pH of at least about 7 during said coagulation. 

15 

4. The method of claim 1 wherein the iron salts are comprised of ferric salts, 
ferrous salts, or combinations thereof. 

5. The method of claim 1 wherein the peroxide is comprised of organic 
20 peroxides or inorganic peroxides. 

6. The method of claim 5 wherein said organic peroxides are selected from 
the group of: peroxyacetic acid and sodium peracetate. 

25 7 . The method of claim 5 wherein said inorganic peroxides are selected from 

the group of: sodium perborate, hydrogen peroxide, sodium perphosphate, sodium 
peroxydisulfate, sodium monopersulfate, and sodium percarbonate. 

8 . The method of claim 4 wherein said ferric salts are selected from the group 
30 of: ferric nitrate, ferric chloride, ferric acetate, ferric lactate, ferric ammonium sulfate, 
ferric ammonium chloride, ferric citrate, ferric hydroxide, ferric ethylenediamine 
tetracetic acid (edta) and ferric oxide. 
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9. The method of claim 4 wherein said ferrous salts are selected from the 
group of: ferrous chloride, ferrous acetate, ferrous lactate, ferrous ammonium sulfate, 
ferrous ammonium chloride, ferrous citrate, ferrous hydroxide, ferrous ethylenediamine 
tetracetic acid (edta) and ferrous oxide. 

5 

10. The method of claim 1 further comprising the step of: following said pre- 
treatment step, adding organic or inorganic precipitating or flocculating agents , or a 
combination thereof, to promote formation of insoluble contaminant bearing particles. 

10 11. The method of claim 1 wherein said pre-treatment is carried out for a time 

of at least about three minutes. 

12. The method of claim 1 further comprising the step of: treating the 
semiconductor wastewater with a reducing agent prior to filtration, to destroy any residual 

15 peroxide. 

1 3 . The method of claim 1 0 wherein the contaminant bearing compounds are 
removed by a single pass, high flow rate filtration system. 

20 14. The method of claim 1 wherein said peroxide is added in an amount equal 

to 5 to 1 000 parts per million. 

15. The method of claim 14 wherein said peroxide is added in an amount 
equal to 20 to 200 parts per million. 

25 

16. The method of claim 1 wherein said iron salts are added in an amount 
equal to about 10 to 20 parts per million. 

17. A method of treating semiconductor wastewater, comprising the steps of: 
30 providing a semiconductor wastewater having one or more organic contaminant 

materials; 

adding a combination of ferric or ferrous salts, and hydrogen peroxide to the 
wastewater and first, adjusting the pH of the wastewater to a pH in the range of about 3 
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to 5; 

introducing precipitating or flocculating agents to the wastewater and, second 
adjusting the pH of the wastewater to a pH of at least 7 wherein insoluble contaminant 
bearing particles are formed; and 
5 filtering said particles from the wastewater. 

18. The method of claim 17 wherein said precipitating or flocculating agents 
are selected from the group of: sodium aluminate, aluminum chloride, aluminum sulfate, 
polyaluminum chloride, polyaluminum sulfate, iron salts, and aluminum or iron alums. 

10 

19. The method of claim 17 wherein said ferric salts are selected from the 
group of: ferric nitrate, ferric chloride, ferric acetate, ferric lactate, ferric ammonium 
sulfate, ferric ammonium chloride, ferric citrate, ferric hydroxide, ferric ethylenediamine 
tetracetic acid (edta) and ferric oxide. 

15 

20. The method of claim 1 7 wherein said ferrous salts are selected from the 
group of: ferrous chloride, ferrous acetate, ferrous lactate, ferrous ammonium sulfate, 
ferrous ammonium chloride, ferrous citrate, ferrous hydroxide, ferrous ethylenediamine 
tetracetic acid (edta) and ferrous oxide. 

20 

21. A method of minimizing fouling of filters in a filtration system that 
receives a wastewater to be treated, characterized in that the wastewater is treated with a 
combination of iron salts and peroxide, prior to filtration, to form particles that do not 
substantially foul the filters during filtration. 

25 



WO 02/004360 



PCT/US01/41285 



1/2 



uu 




www 



§§§ 



i i co 

CO 



44 



go 



C9 



m co 



SUBSTITUTE SHEET (RULE 26) 



WO 02/004360 



PCT/US01/41285 



2/2 




SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US01/4-1285 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC(7) :C02F 1/54 
US CL :210/719 

According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 210/719, 721, 638, 639, 724, 725, 726, 727, 728, 757, 759, 908 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields 
sej 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
NONE 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Cat e gory * 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



Y, E 



US 6,258,277 A (SALMEN et al.) 10 July 2001, col. 3 line 10 
through col. 4 line 65, Examples 4-6 

US 5,346,627 A (SIEFERT et al.) 13 September 1994, col. 2 line 45 
through col. 3 line 66 

US 4,321,143 A (WILMS et al.) 23 March 1982, col. 1 line 61 
through col. 3 line 61, Examples 4 and 5 

US 4,724,084 A (PAHMEIER et al.) 09 February 1988, col. 3 line 
29 through col. 5 line 14 

US 5,472,619 A (HOLZHAUER et al.) 05 December 1995, col. 3 
line 13 through col. 4 line 6 



1-21 



1-21 



1-21 



1-21 



6 



x 



Further documents are listed in the continuation of Box C. | | See patent family annex. 



"A" 
»'E" 

"0" 
it j>tt 



Special categories of cited documents: 

document defining the general state of the art which is not considered 
to he of particnlar relevance 

earlier document published on or after the international filing date 

document which may throw doubts on priority claim(s) or which is 
oited to establish the publication date of another citation or other 
special reason (as specified) 

document referring to an oral disclosure, use, exhibition or other 
means 

document published prior to the international filing date but later 
than the priority date claimed 



"T" 



"X" 



t-yrt 



later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive step 
when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is combined 
with one or more other such documents, such combination being 
ohvious to a person skilled in the art 

document member of the same patent family 



Date of the actual completion of the international search 
26 SEPTEMBER 2001 


Date of mailing of the international search report 

1#oct2o()i 


Name and mailing address of the ISA/US 
Commissioner of Patents and Trademarks 
Box PCT 

Washington, D.C 20231 
Facsimile No. (70S) S05-S2S0 


Authdr\edf Jfficer / ] I 
Telephone No. (70S) S08-0661 





Form PCT/ISA/210 (second sheet) (July 1998)* 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/USO 1/41 285 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 


! Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


Y 
A 


US 5,651,894 A (BOYGE et al.) 39 July 1997, col. 1 lines 10-67 
US 5,871,648 A (ALLEN et al.) 16 February 1999 


12 
1-21 



Form PCT/ISA/210 (continuation of second sheet) (July 1998)* 



